Introduction
Our ultimate application interest is the automated understanding of images, especially non-biological images such as range or synthetic aperture radar. In this report, we describe one aspect of the processing of such images, segmentation, and show that one can design a neural network to perform this computation. An important step14 in image analysis is segmentation. An image is an array of discrete sampled values called pixels. An image is understood when the objects portrayed in that image are recognized 3 or at least characterized. An object is characterized in terms of the segments of the image that it subtends. An image segment 1 , 6 is a collection of pixels that satisfies certain conditions of adjacency and similarity.
Image segmentation has been usefully viewed as a connected component analysis which can be done very quickly19,5 using associative memory once the connectedness of pixels is known. Connectedness subsumes the two conditions of adjacency and similarity.
Conventional measures of connectedness for computation on serial machines depend on estimates of partial derivatives 16 , 9, 4 of the image function. These derivatives are estimated by convolving the image with a kernel that has to be large because derivatives are notoriously sensitive to noise. Usually it is also necessary to fix the shape of the kernel because the additional computational expense of dynamically adapting a large kernel to the data is unacceptable. But when such a large rigid kernel straddles two distinct regions, it blurs their properties. This results in boundaries that are so wide that they must be thinne~, or so broken by gaps that they must be closed1 7 ,18. Closing and thinning are typically ad hoc and often sub-optimal.
Design of a Neural Network for Segmentation
It is easy to construct a Lyapunov lO or energy function E and therefore a Hopfield 13 ,l1 or Boltzmann 2 ,7 neural model which will compute an optimal (or near optimal) segmentation in the precise sense of minimizing E. We have simulated such a Boltzmann segmenter with encouraging experimental results that are briefly summarized in the appendix of this' document. In the remainder of this section, we will discuss the theoretical definition of this problem, the design considerations of the neural network, and some generalizations of the consequent segmentation algorithm.
Consider first the problem of optimally segmenting a one dimensional image of possibly noisy pixels (such as a profile or a raster line of a range or luminance image). We take the image to have the form z=N {x,z=f(x)} .
